Here we introduce plasmids for xylose-regulated expression and repression of genes in 18 Clostridioides difficile. The xylose-inducible expression vector allows for ~100-fold 19 induction of an mCherryOpt reporter gene. Induction is titratable and uniform from cell-20 to-cell. The gene repression plasmid is a CRISPR-interference (CRISPRi) system 21 based on a nuclease-defective, codon-optimized allele of the Streptococcus pyogenes 22 Cas9 protein (dCas9) that is targeted to a gene of interest by a constitutively-expressed 23 single guide RNA (sgRNA). Expression of dCas9 is induced by xylose, allowing 24 investigators to control the timing and extent of gene-silencing, as demonstrated here 25 by dose-dependent repression of a chromosomal gene for a red fluorescent protein 26 (maximum repression ~100-fold). To validate the utility of CRISPRi for deciphering gene 27 function in C. difficile, we knocked-down expression of three genes involved in 28 biogenesis of the cell envelope: the cell division gene ftsZ, the S-layer protein gene slpA 29 and the peptidoglycan synthase gene pbp-0712. CRISPRi confirmed known or expected 30 phenotypes associated with loss of FtsZ and SlpA, and revealed that the previously 31 uncharacterized peptidoglycan synthase PBP-0712 is needed for proper elongation, cell 32 division and protection against lysis. 33 34 Importance 35 Clostridioides difficile has become the leading cause of hospital-acquired diarrhea in 36 developed countries. A better understanding of the basic biology of this devastating 37 pathogen might lead to novel approaches for preventing or treating C. difficile infections.
Introduction
Clostridioides (formerly Clostridium) difficile is a strictly anaerobic, Gram-positive opportunistic pathogen that has become the leading cause of healthcare-associated exhibited normal rod morphology under phase contrast (Fig. S6 ). We found that 204 knockdown of slpA expression led to increased lysozyme sensitivity in a growth curve at 205 0.2 mg/mL lysozyme (Fig. S7 ). Furthermore, the MIC for lysozyme was 8-16 mg/mL 206 (Table 3 ) in a negative control strain or an uninduced CRISPRi-slpA strain, which 207 decreased to 4 mg/mL when the CRISPRi-slpA construct was induced. Finally, 208 CRISPRi silencing of slpA reduced sporulation on TY Thi10 plates about 1000-fold 209 (Table 4 ). Our findings are fully consistent with those reported for a slpA null mutant 210 obtained by selecting for resistance to Avidocin (32).
212
CRISPRi targeting pbp-0712. Penicillin-binding proteins (PBPs) are required to 213 synthesize the peptidoglycan (PG) cell wall that surrounds most bacteria and protects 214 them from lysis due to turgor pressure (41). Saturation transposon mutagenesis 215 identified two PBPs as essential in C. difficile (31). One of these, cdr20291_0985, is not 216 very amenable to analysis by CRISPRi because it is embedded in an operon with 217 homologs of numerous genes known to be essential for division and elongation in other 218 rod-shaped bacteria, including B. subtilis and E. coli. The other, coding for PBP-0712 219 (cdr20291_0712), appears to be an isolated gene (29, 30) . PBP-0712 is predicted to be 220 a bifunctional (class A) PBP with both a glycosyltransferase domain for polymerization 221 of glycan strands and a transpeptidase domain for crosslinking of adjacent stem 222 peptides (42). Nothing is known about the specific roles of PBP-0712, such as whether
To determine the phenotype of PBP-0712 depletion, two CRISPRi plasmids with 226 sgRNAs targeting pbp-0712 were introduced into R20291 by conjugation. Exconjugates 227 plated on TY Thi10 containing 1% xylose exhibited an approximate 10 6 -fold viability 228 defect ( Fig. 6A ), confirming that pbp-0712 is an essential gene. When inoculated to a 229 starting OD600 = 0.05 and incubated for 4h, cultures grown without xylose reached an 230 OD600 ~ 0.6 and the cells exhibited normal rod morphology ( Fig 6B, inset) . In contrast, In summary, we have built and tested two new tools that we hope will be useful 244 additions to the C. difficile molecular biology toolbox. We cloned the regulatory elements interest. Indeed, all of the sgRNAs tested in this study were highly effective (3 targeting 264 ftsZ, 2 targeting slpA, and 2 targeting pbp_0712).
plasmids. The strain was constructed by allelic exchange (13) using C. difficile 
